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(57) ABSTRACT 

The ferroelectric structure including a Pt/Ir layered electrode 

used in conjunction With a lead germanate (Pb5Ge3O11) thin 
?lm is provided. The electrode exhibits good adhesion to the 
substrate, and barrier properties resistant to oxygen and lead. 
Ferroelectric properties are improved, Without detriment to 

the leakage current, by using a thin IrO2 layer formed in situ, 
during the MOCVD lead germanate (Pb5Ge3O11) thin ?lm 
process. By using a Pt/Ir electrode, a relatively loW MOCVD 
processing temperature is required to achieve c-aXis oriented 
lead germanate (Pb5Ge3O11) thin ?lm. The temperature 
range of MOCVD c-aXis oriented lead germanate 
(Pb5Ge3O11) thin ?lm on top of Pt/Ir is 400-500° C. Further, 
a relatively large nucleation density is obtained, as compared 
to using single-layer iridium electrode. Therefore, the lead 
germanate (Pb5Ge3O11) thin ?lm has a smooth surface, a 
homogeneous microstructure, and homogeneous ferroelec 
tric properties. A method of forming the above-mentioned 
multi-layered electrode ferroelectric structure is also pro 
vided. 
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Fig. 1(c) 

Sheet resistance changes during 
RTP O2 annealing at di?‘erent 
temperature; annealing time 5 

min. 
(a) Pt/TiN electrode 
(b) Ir/Ti electrode 

(c) Pt/Ir/Ti electrode 
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Fig. 2(a) RTP at 550°C for 5 min 
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Fig. 2(b) RTP at 650 °C for 5 min 

AES spectrum for Pt/Ir/Ti electrode at different RTP O2 annealing 

temperatures 
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SEM pictures of PGO thin ?lms deposited on Pt, Ir and Pt/Ir electrodes 

(a)PGO on Pt electrode 
T deposition = 450 °C, T vaporizer = 150 °C 

Flow rate = 0.4 sccm, Chamber pressure = 10 Torr 

(b)PGO on Ir electrode 
T deposition I 530 °C, T vaporizer = 190 °C 

Flow rate = 0.4 sccm, Chamber pressure = 10 Torr 

(c)PGO on Pt/Ir electrode 
T deposition = 480 °C, T vaporizer = 150 °C 

Flow rate I 0.4 sccm, Chamber pressure : 10 Torr 
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Fig. 4(c) 

Hysteresis loops of PGO thin ?lms 

(a)PGO thin ?lm grown on Pt/TiN 
electrode 

(b) PGO thin ?lm grown on lr/Ti 
electrode 

(c)PGO thin ?lm grown on Pt/Ir/Ti 
electrode 
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DEPOSITION METHOD FOR LEAD GERMANATE 
FERROELECTRIC STRUCTURE WITH 

MULTI-LAYERED ELECTRODE 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0001] The present invention is generally related to the 
fabrication of integrated circuits (ICs) and, more speci? 
cally, to the fabrication of a lead germanate ferroelectric 
structure having an electrode of layered noble metals. 

[0002] Platinum (Pt) and other noble metals are used in IC 
ferroelectric capacitors. The use of noble metals is motivated 
by their inherent chemical resistance. This property is espe 
cially desirable under high temperature oxygen annealing 
conditions, such as those seen in the fabrication of ferro 
electric capacitors. In addition, chemical interaction 
betWeen noble metals and ferroelectric materials such as 
perovskite metal oxides, is negligible. 

[0003] The above-mentioned noble metals are used as 
conductive electrode pairs separated by a ferroelectric mate 
rial. One, or both of the electrodes are often connected to 
transistor electrodes, or to electrically conductive traces in 
the IC. As is Well knoWn, these ferroelectric devices can be 
polariZed in accordance With the voltage applied to the 
electrode, With the relationship betWeen charge and voltage 
expressed in a hysteresis loop. When used in memory 
devices, the polariZed ferroelectric device can be used to 
represent a “1” or a “0”. These memory devices are often 
called ferro-RAM, or FeRAM. Ferroelectric devices are 
nonvolatile. That is, the device remains polariZed even after 
poWer is removed from the IC in Which the ferroelectric is 
imbedded. 

[0004] There are problems in the use of metal, even noble 
metal electrodes. Pt, perhaps the Widely used noble metal, 
permits the diffusion of oxygen, especially during high 
temperature annealing processes. The diffusion of oxygen 
through Pt results in the oxidation of the neighboring barrier 
and substrate material. Typically, the neighboring substrate 
material is silicon or silicon dioxide. Oxidation can result in 
poor adhesion betWeen the Pt and neighboring layer. Oxi 
dation can also interfere With the conductivity betWeen 
neighboring substrate layers. Silicon substrates are espe 
cially susceptible to problems occurring as a result of 
oxygen diffusion. The end result may be a ferroelectric 
device With degraded memory properties. Alternately, the 
temperature of the IC annealing process must be limited to 
prevent the degradation of the ferroelectric device. 

[0005] Various strategies have been attempted to improve 
the interdiffusion, adhesion, and conductivity problems 
associated With the use of noble metals as a conductive ?lm 
in IC fabrication. Titanium (Ti), titanium oxide (TiOZ), and 
titanium nitride (TiN) layers have been interposed betWeen 
a noble metal and silicon (Si) substrates to suppress the 
interdiffusion of oxygen. HoWever, Ti layers are generally 
only effective beloW annealing temperatures of 600 degrees 
C. After a 600 degree C. annealing, Pt diffuses through the 
Ti layer to react With silicon, forming a silicide product. 
Further, the Pt cannot stop the oxygen diffusion. After a high 
temperature annealing, a thin layer of silicon oxide may be 
formed on the silicon surface, Which insulates contact 
betWeen silicon and the electrode. 

Dec. 5, 2002 

[0006] Other problems associated With the annealing of a 
Pt metal ?lm are peeling and hillock formation. Both these 
problems are related to the differences in thermal expansion 
and stress of Pt With neighboring IC layers during high 
temperature annealing. A layer of Ti overlying the Pt ?lm is 
knoWn to reduce stress of the Pt ?lm, suppressing hillock 
formation. 

[0007] Ir has also been used in attempts to solve the 
oxygen interdiffusion problem. Ir is chemically stable, hav 
ing a high melting temperature. Compared to Pt, Ir is more 
resistant to oxygen diffusion. Further, even When oxidiZed, 
iridium oxide remains conductive. When layered next to Ti, 
the Ir/T i barrier is very impervious to oxygen interdiffusion. 
HoWever, Ir can diffuse through Ti. Like Pt, Ir is very 
reactive With silicon or silicon dioxide. Therefore, a bilay 
ered Ir/T i or Ir/TiN barrier is not an ideal barrier metal. 

[0008] Pb5Ge3O11 is a promising ferroelectric material 
candidate for nonvolatile memory, such as one-transistor 
(1T) applications, because of its moderate polariZation and 
relative loW dielectric constant. But, this material is a loW 
symmetry ferroelectric material, and it is Widely believed 
that spontaneous polariZation exists only along the c-axis. 
Furthermore, in the PbO-GeO2 system, the stability range 
for the Pb5Ge3O11 phase is very limited. Even a relatively 
small deviation in composition, or in groWth temperature, 
can lead to the formation of other lead germanate (PGO) 
compounds, or phases. Therefore, successful use of this 
ferroelectric material is dependent upon deposition pro 
cesses and the adjoining electrode material. 

[0009] A suitable bottom electrode is required for depos 
iting useful lead germanate (Pb5Ge3O11) ferroelectric thin 
?lms. The bottom electrode must have good adhesion With 
the substrate, good electrical conductivity, and good barrier 
properties With respect to oxygen and lead. A good bottom 
electrode must also improve the fatigue degradation, and 
reduce the leakage current, of the lead-based ferroelectric 
thin ?lm. From the processing point of vieW, the bottom 
electrode should provide a preferred nucleation and groWth 
surface for the c-axis oriented lead germanate (Pb5Ge3O11) 
thin ?lm at a relative loW MOCVD temperature. 

[0010] Single-layer platinum is Widely used as the bottom 
electrode in PZT and SBT based nonvolatile ferroelectric 
memories. HoWever, oxygen and elements such as lead can 
easily diffuse through Pt and react With barrier layers (Ti, 
TiN) and/or the substrate (Si or SiOZ), all of Which are 
susceptible to oxidation. Deleterious oxidation leads to bad 
adhesion With the substrate, a poor interface betWeen plati 
num and ferroelectric layers, and a poor interface betWeen 
platinum and the substrate layers. 

[0011] Further, severe fatigue is an inherent problem asso 
ciated With ferroelectric thin ?lms, Which is not improved by 
using a single-layer platinum electrode. Fatigue degradation 
is thought to be due to the domain pinning by space charge, 
caused by oxygen vacancy entrapment at the interface 
betWeen the ferroelectric ?lm and the electrode. It is 
believed that fatigue properties can be signi?cantly 
improved by using a conducting oxide electrode to prevent 
space charge formation at the interface. Finally, hillocks are 
typically found on the surface of single-layer platinum 
electrodes during depositing of ferroelectric thin ?lm. The 
hillocks are caused by stress internal to the platinum ?lm. 
Hillocks result in increased leakage currents, or even device 
shorts. 



US 2002/0180045 A1 

[0012] Single-layer iridium bottom electrodes are also 
used in PZT and SBT based devices. Iridium bottom elec 
trodes have superior barrier properties With respect to lead 
and oxygen, as Well as good adhesion With the substrate. 
HoWever, higher process temperatures are required for 
MOCVD c-axis oriented lead germinate (Pb5Ge3O11) thin 
?lms deposition processes, comparing to the platinum elec 
trode. The MOCVD temperature range to deposit c-axis 
oriented lead germanate (Pb5Ge3O11) thin ?lm on the Ir 
electrode is 500-600° C. Further, a loWer nucleation site 
density causes a very rough lead germanate (Pb5Ge3O11) 
thin ?lm surface, as compared to the ?lm deposited on 
platinum electrode. Finally, hillock formation on the surface 
of the iridium electrode is still observed during MOCVD 
processing. 

[0013] Metal oxide electrodes such as RuO2 are used for 
PZT based nonvolatile memory to improve the fatigue 
degradation. But RuO2 electrodes cause an increase in the 
leakage current. An oxide/platinum double-layer electrode 
reduces the leakage current, and improves the barrier prop 
erties and hillock problem. HoWever, the leakage current is 
still larger than that of using a single-layer platinum elec 
trode. Further, a thicker oxide layer is formed, resulting in a 
higher sheet resistance. 

[0014] Several other oxygen barrier layers exist including 
a conductive exotic-nitride layer underneath a platinum 
layer (Ti—Al—N), a noble-metal-insulator-alloy barrier 
layer (pd—Si—N), and similar variations. These oxide 
barriers require more complicated process steps and a mul 
tilayer electrode in order to meet the requirement for a 
bottom electrode. A Pt/IrO2 electrode is used in SBT based 
devices. HoWever, the Pt/IrO2 electrode is not very suitable 
for lead-based thin ?lms. This is because a thin oxide layer 
is still needed betWeen the ferroelectric ?lm and the plati 
num electrode in order to improve the fatigue degradation. 

[0015] Co-pending application Ser. No. 09/263,595, 
entitled “Iridium Conductive Electrode/Barrier Structure 
and Method for Same”, invented by Zhang et al., and ?led 
on Mar. 5, 1999, Attorney Docket No. SMT 364, discloses 
a multilayered Ir/Ta ?lm that is resistant to interdiffusion. 

[0016] Co-pending application Ser. No. 09/263,970, 
entitled “Iridium Composite Barrier Structure and Method 
for Same”, invented by Zhang et al., and ?led on Mar. 5, 
1999, Attorney Docket No. SMT 366, discloses a composite 
Ir ?lm that is resistant to interdiffusion, and stable during 
high temperature annealing. 

[0017] Co-pending Application Serial No. , 
entitled “Composite Iridium Barrier Structure With OxidiZed 
Refractory Metal Companion Barrier and Method for 
Same”, invented by Zhang et al., and ?led on May 21, 1999, 
Attorney Docket No. SLA404, discloses a Ir composite ?lm 
With an oxidiZed transitional metal barrier layer that main 
tains conductivity and structural stability after high tempera 
ture annealing in an oxygen environment. 

[0018] Co-pending Application Serial No. , 
entitled “Composite Iridium-Metal-Oxygen Barrier Struc 
ture With Refractory Metal Companion Barrier and Method 
for Same”, invented by Zhang et al., and ?led on May 21, 
1999, Attorney Docket No. SLA405, discloses a Ir compos 
ite ?lm that maintains conductivity and structural stability 
after high temperature annealing in an oxygen environment. 
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[0019] In co-pending patent application Serial No. 
, entitled “Multi-Phase Lead Germanate Film and 

Deposition Method”, invented by Tingkai Li et al., ?led on 
Apr. 28, 1999, Attorney Docket No. SLA400, a second 
phase of Pb3GeO5 is added to the Pb5Ge3O11, increasing 
polycrystalline grain siZes, Without c-axis orientation. The 
resultant ?lm had increased Pr values and dielectric con 
stants, and decreased Ec values. Such a ?lm is useful in 
making microelectromechanical systems (MEMS), high 
speed multichip modules (MCMs), DRAMs, and FeRAMs. 

[0020] In co-pending patent application Serial No. 
, entitled “C-Axis Oriented Lead Germanate Film 

and Deposition Method”, invented by Tingkai Li et al., ?led 
on Apr. 28, 1999,Attorney Docket No. SLA401, a PGO ?lm 
is disclosed. This ?lm has primarily a c-axis orientation With 
a smaller Pr value, smaller dielectric constant, and larger Ec 
value. Such a ?lm is useful in making 1T memories. 

[0021] In co-pending patent application Serial No. 
, entitled “Epitaxially GroWn Lead Germanate Film 

and Deposition Method”, invented by Tingkai Li et al., ?led 
on Apr. 28, 1999, Attorney Docket No. SLA402, an epitaxial 
groWn PGO ?lm is disclosed With extremely high c-axis 
orientation. As a result, high Pr and Ec values, as Well as 
loWer dielectric constant, is obtained. Such a ?lm is useful 
in IT, and one transistor/one capacitor (IT/1C) FeRAM 
applications. 

[0022] In co-pending patent application Serial No. 
, entitled “Ferroelastic Lead Germanate Film and 

Deposition Method”, invented by Tingkai Li et al., ?led on 
Apr. 28, 1999, Attorney Docket No. SLA403, a CVD 
Pb3GeO5 ?lm is described having improved ferroelastic 
properties useful in making MEMS and MCMs. The above 
mentioned co-pending patent applications are incorporated 
herein by reference. 

[0023] It Would be advantageous if a ferroelectric elec 
trode could be fabricated that incorporated the best features 
of Ir and Pt. 

[0024] It Would be advantageous if alternate methods Were 
developed for the use of Ir and/or Pt as conductors, con 
ductive barriers, or electrodes in IC fabrication. It Would be 
advantageous if the Ir and Pt could be used Without inter 
action to an underlying Si substrate. 

[0025] It Would be advantageous if an Ir or Pt ?lm could 
be altered to improve interdiffusion properties. Further, it 
Would be advantageous if this improved type of Ir or Pt ?lm 
could be layered With an interposing ?lm to prevent the 
interaction of Ir or Pt With a silicon substrate. It Would be 
advantageous if an interposing ?lm could prevent interdif 
fusion betWeen the electrode and the ferroelectric material. 

[0026] Accordingly, a ferroelectric device is provided 
comprising a silicon substrate, a ?rst electrode layer of Ir 
overlying the substrate, and a second electrode layer of Pt 
overlying the ?rst electrode layer. The ?rst and second 
electrode layers have a combined thickness of about 100 to 
400 nm, and are used to improve adhesion, barrier proper 
ties, and the uniformity of the PGO ?lm. 

[0027] A ?rst barrier layer of IrO2 overlies the second 
electrode layer, to improve the interface to PGO ?lm, and 
limit the diffusion of oxygen into the ?rst and seconds 
electrode layers. A lead germanate (PGO) ?lm having a 
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Pb5Ge3O11 phase of about 10 to 100% overlies the ?rst 
barrier layer. Optionally, the PGO ?lm is epitaxially grown 
Pb5Ge3O11 phase. In this manner, a ferroelectric device is 
formed having loW leakage current and a resistance to 
fatigue. 

[0028] A second barrier layer of a material such as Ti, Ta, 
TiN, TaN, or a ternary nitride including nitrogen and a 
refractory metal, such as TiSiN or TaSiN, having a thickness 
of about 10 to 100 nanometers (nm), is interposed betWeen 
the substrate and the ?rst electrode layer to minimize 
interdiffusion betWeen the substrate and the electrode layers. 
Further, adhesion betWeen the substrate and the electrode 
layers is improved by using the second barrier. 

[0029] Ultimately, the ferroelectric device forms a capaci 
tor With the addition of a conductive ?lm top electrode 
overlying the PGO ?lm. The top electrode optionally com 
prises a third Pt electrode layer overlying the PGO ?lm, and 
a fourth Ir electrode layer overlying the third electrode layer 
to form a second layered electrode. When a layered top 
electrode is used, a third barrier layer is interposed betWeen 
the PGO ?lm and the third electrode layer to improve the 
interface With the underlying PGO ?lm. 

[0030] Also provided is a method of forming a ferroelec 
tric device on a substrate comprising the steps of: 

[0031] a) forming the Ir electrode layer overlying the 
substrate to a thickness of approximately 150 nm.; 

[0032] b) forming the Pt electrode layer overlying the ?rst 
electrode layer to a thickness of approximately 50 nm.; 

[0033] c1) forming a ?rst IrO2 barrier layer overlying the 
second electrode layer to a thickness of approximately 15 
nm; and 

[0034] c2) forming a second barrier layer of selected from 
the group consisting of consisting of Ti, Ta, TiN, TaN, and 
ternary nitrides including nitrogen and a refractory metal, 
interposed betWeen the substrate and the ?rst electrode layer, 
having a thickness of approximately 25 nm; 

[0035] d) forming a PGO layer overlying the ?rst barrier 
layer ?lm, to a thickness in the range of approximately 
100-200 nm, through MOCVD processes at a temperature in 
the range of approximately 400 to 550 degrees C. 

[0036] There are three different processes for forming the 
?rst barrier layer. In one process, Step c1) includes anneal 
ing the ?rst and second electrode layers to form a ?rst barrier 
layer oxide overlying the second electrode layer. In a second 
process, Step c1) includes using processes selected from the 
group consisting of PVD, CVD, and MOCVD to deposit a 
?rst barrier layer of IrO2. In a third process, Step c1) 
includes forming IrO2 in preparation for an MOCVD pro 
cess in Step d), by pre-?oWing oxygen at a How rate in the 
range of approximately 2000 to 4000 sccm, at a groWth 
chamber pressure of approximately 10 torr, a substrate 
temperature in the range of approximately 400 to 550 
degrees C, for a duration of approximately 10 to 15 minutes, 
Whereby the ?rst barrier layer is formed in situ. 

[0037] Steps a) and b) includes depositing the ?rst and 
second electrode layers through processes selected from the 
group consisting of e-beam evaporation, CVD, PVD, and 
MOCVD, at a temperature in the range of approximately 
200-300 degrees C. 
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[0038] When a capacitor is formed, further steps folloWing 
Step d), of: 

[0039] d1) forming a third barrier layer of IrO2 overlying 
the PGO ?lm formed in Step d), Whereby the interface 
betWeen the PGO ?lm and the third and fourth electrode 
layers is improved; 

[0040] e) forming a third electrode layer overlying the 
PGO ?lm; and 

[0041] f) forming a fourth electrode layer overlying the 
third electrode layer, Whereby a ferroelectric capacitor is 
formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIGS. 1(a)-(c) illustrate the sheet resistance 
changes of Pt/TiN, Ir/T i, and Pt/Ir/Ti electrodes upon rapid 
thermal process (RTP) annealing. 

[0043] FIGS. 2(a) and 2(b) illustrate the AES analysis of 
present invention electrode depth pro?les annealed at dif 
ferent temperatures. 

[0044] FIGS. 3(a)-(c) illustrate the microstructures of 
PGO thin ?lms deposited on three electrodes, including one 
electrode of the present invention. 

[0045] FIGS. 4(a)-(c) illustrate the ferroelectric properties 
of Pb5Ge3OM thin ?lms on the three electrodes of FIGS. 
3(a)-(c), folloWing the deposition of Pt top electrodes. 

[0046] FIG. 5 illustrates XRD data of single phase 
Pb5Ge3O11 groWn on the electrode of FIG. 3(c), the multi 
layered electrode of the present invention. 

[0047] FIGS. 6-8 illustrate steps in the completion of the 
ferroelectric device of the present invention. 

[0048] FIG. 9 is a ?oWchart illustrating steps in a method 
of forming a ferroelectric device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0049] Pb5Ge3OM phase PGO has a relative loW dielectric 
constant of about 50, contrasted to 1000 for PZT, and 300 for 
SBT. AloW dielectric constant is a key factor in loWering the 
programming voltage for one-transistor memory applica 
tions. Lead germanate is a loW symmetry ferroelectric 
material. Spontaneous polariZation occurs only along one 
axis (c-axis) at a value of around 3-5 pC/cmz. Its Curie 
temperature is around 177° C. Many methods have been 
used to groW lead germanate thick ?lms, such as rapid 
quenching, printing, thermal evaporation, ?ash-evaporation, 
pulsed excimer laser ablation, dc reactive sputtering, and sol 
gel. 
[0050] The present invention discloses the formation of a 
lead germanate thin ?lm through metal organic chemical 
vapor deposition (MOCVD) on a Pt/Ir bottom electrode. 

EXPERIMENTAL DATA 

[0051] The lead germanate thin ?lms Were groWn on 
Pt/TiN/SiOZ/Si, Ir/Ti /SiO2/Si and Pt/Ir/Ti/SiO2 electrodes 
through MOCVD processes. A liquid delivery system Was 
used to deliver [Pb(thd)2] and [Ge(ETO)4] precursors to the 
groWth chamber. The temperature of the vaporiZer Was about 
150-200° C. The molar ratio of [Pb(thd)2] to [Ge(ETO)4] 
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Was around 5:3 and the substrate temperature Was about 
400-600° C. The growth chamber pressure Was varied from 
2-20 torr. The Ar and 02 How rates Were 4000 standard cubic 
centimeters per minute (sccm) and 2000 sccm, respectively. 
The properties of electrodes Were investigated by sheet 
resistance measurement and Auger electron microscope 
(AES) analysis. The microstructures and phases of the PGO 
thin ?lms Were determined by scanning electron microscope 
(SEM) and X-ray diffraction (XRD), respectively. The 
chemical compositions of the ?lms Were determined by 
energy-dispersive X-ray spectroscope The leakage 
currents and dielectric constants of the ?lms Were measured 
using HP 4155-6 precision semiconductor parameter ana 
lyZer and Keithley 182 CV analyZer, respectively. The 
ferroelectric properties of the ?lms Were measured by a 
standard RT66A tester. 

[0052] Results shoW that PGO ?lm deposited on a Pt 
bottom electrode tends to be more uniform, While the 
temperature required for c-axis orientation PGO thin ?lm is 
loWer (450-500° C.). HoWever, secondary phases are more 
easily to form on Pt substrate at loWer temperatures. On the 
other hand, a PGO thin ?lm deposited on an Ir electrode is 
rougher due to the loW nucleation density, and the 
Pb5Ge3O11 phase tends to be random oriented When the 
deposition temperature is around 400-500° C. By increasing 
the deposition temperature, c-axis oriented PGO thin ?lm 
can be obtained, but a large grain siZe Pb3GeO5 secondary 
phase is also formed. 

[0053] An Ir/Ti electrode has better adhesion than Pt/Ti, 
Pt/TiO2 or Pt/TiN electrodes. Therefore, to combine the 
advantages of electrode surface smoothness, PGO ?lm uni 
formity, resistive barrier properties, and adhesion, a layer of 
Pt Was deposited on the Ir/Ti. 

[0054] FIGS. 1(a)-(c) illustrate the sheet resistance 
changes of Pt/TiN, Ir/T i, and Pt/Ir/Ti electrodes upon rapid 
thermal process (RTP) annealing. The sheet resistance of the 
Pt/TiN electrode decreases slightly at temperatures below 
5500 C., and then increases until 7500 C., Where the TiN 
layer begins to oxidiZe. Similar results are obtained With a 
Pt/Ti electrode. HoWever, the sheet resistance of the Ir/Ti 
electrode decreases until 8000 C. annealing temperatures are 
achieved, indicating that grain groWth of Ir crystals and 
further oxidation of the barrier layer have ceased. With 
respect to the Pt/Ir/Ti electrode, sheet resistance decreases 
until 550° C., and then increases, Which is an indication of 
further oxidation of the barrier layer. 

[0055] FIGS. 2(a) and 2(b) illustrate the AES analysis of 
present invention electrode depth pro?les annealed at dif 
ferent temperatures. In order to investigate the oxidation 
mechanism of the Pt/Ir/T i electrode, samples Were annealed 
at 550° C. and 650° C. From the AES spectrum of FIG. 2(b) 
it can be seen that after 650° C. annealing, in 02 for 5 
minutes, interdiffusion has occurred betWeen Ir and Pt 
layers. Simultaneously, the Ti layer has been oxidiZed. 
Therefore, it is believed that the interdiffusion of Pt and Ir 
can degrade the barrier properties of the Ir layer. During high 
temperature annealing Ti out-diffuses through the Pt/Ir layer, 
While oxygen in-diffuses through the Pt/Ir layer, causing 
total oxidation of the Ti layer. 

[0056] On the other hand, the sample annealed at 550° C. 
has no apparent interdiffusion betWeen all Pt/Ir/Ti layers, as 
shoWn on FIG. 2(a). This indicates that the electrode 
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remains stable if annealed at temperatures beloW 550° C. 
HoWever, it can be seen that small amounts of IrO2 still 
appear on the surface of the Pt layer. The IrO2 changes the 
surface condition for the subsequent deposition of PGO thin 
?lms. 

[0057] FIGS. 3(a)-(c) illustrate the microstructures of 
PGO thin ?lms deposited on three electrodes, including one 
electrode of the present invention. It can be seen from FIG. 
3(a) that the PGO ?lm deposited on Pt electrode is very 
uniform and exhibits layered groWth. The ?lm is continuous, 
Which means the nucleation density is high. The XRD data 
shoWs that the ?lm is c-axis oriented Pb5Ge3O11 phase, plus 
some Pb3GeO5 secondary phase. The processing tempera 
ture for depositing c-axis oriented PGO thin ?lm on Pt 
electrode is typically around 400-500° C. 

[0058] FIG. 3(b) illustrates that the PGO thin ?lm depos 
ited on Ir substrate is rougher. XRD data indicates that it is 
polycrystalline Pb5Ge3OM phase With preferred c-axis ori 
entation and some Pb3GeO5 secondary phase. The rough 
PGO ?lm on Ir electrode is caused by loW nucleation density 
and high processing temperature (500-600° C). In order to 
improve the PGO ?lm quality on Ir substrate, tWo-step 
deposition process has been developed. A ?rst step deposits 
a thin layer of PGO ?lm at 400-450° C. to get high 
nucleation density. A second step deposits PGO ?lm con 
tinuously at higher temperature, about 500-600° C., to get 
c-axis oriented PGO ?lm. Continuous and smoother ?lms 
can be obtained by tWo-step deposition. Since the second 
step is performed at higher temperatures, large grain siZe 
Pb3GeO5 secondary phase is hard to avoid. 

[0059] FIG. 3(c) is a pure c-axis oriented PGO thin ?lm 
deposited on Pt/Ir substrate. The process temperature used to 
deposit a PGO ?lm on a Pt/Ir electrode is in betWeen the 
temperatures used to deposit PGO ?lm on either Pt or Ir 
electrodes. Likewise, the uniformity of the PGO ?lm depos 
ited on the Pt/Ir electrode is in betWeen those of the ?lms 
deposited on Ir and Pt electrodes. This is due to the inter 
diffusion of Pt and Ir. Small amount of IrO2 on the Pt surface 
change the surface condition of Pt/Ir electrode. Further, the 
adhesion of the Pt/Ir/Ti is found to be better than Pt/Ti, 
Pt/TiN and Pt/TiO2 electrodes. 

[0060] FIGS. 4(a)-(c) illustrate the ferroelectric properties 
of Pb5Ge3O11 thin ?lms on the three electrodes of FIGS. 
3(a)-(c), folloWing the deposition of Pt top electrodes. The 
PGO ?lm deposited on the Pt bottom electrode has a 2 Pr 
(polarization ?eld) about 2.04 micro-coulombs per square 
centimeter (uC/cm2), as shoWn on FIG. 4(a), With leakage 
current about 4.5><10_7 amps per square centimeter (A/cm2) 
at 100 kilovolts per centimeter (kV/cm), and dielectric 
constant about 50. 

[0061] The grain siZe of the PGO ?lm deposited on Ir 
substrate, at higher temperatures, is larger than that of the 
PGO ?lm deposited on Pt electrode. Its 2 Pr is higher at 
about 5.67 pC/cmz, With a leakage current 2><10_6 A/cm2 at 
100 kV/cm, and a dielectric constant about 100. HoWever, as 
seen in FIG. 4(b), the hysteresis loop has been distorted by 
the Pb3GeO5 secondary phase. 

[0062] The ?lm deposited on Pt/Ir electrode has a smaller 
grain siZe than that of the PGO ?lms deposited on Pt and Ir 
electrodes. Its 2 Pr is about 1.38 pC/cmz, With a leakage 
current of 36x10“7 A/cm2 at 100 kV/cm, and dielectric 
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constant close to 45. FIG. 4(c) illustrates that the remanent 
polarization of the PGO thin ?lms strongly depend on the 
grain siZe. On the other hand, leakage current depends on 
both the PGO ?lm quality and the properties of the elec 
trodes. 

[0063] FIG. 5 illustrates XRD data of the single phase 
Pb5Ge3O11 groWn on the electrode of FIG. 3(c), the multi 
layered electrode of the present invention. The XRD data 
indicates that the ?lm is pure (single phase) c-axis oriented 
Pb5Ge3OM ?lm. 
[0064] The Pt/Ir electrode can be deposited on the sub 
strate by using e-beam evaporation, CVD, PVD or MOCVD 
methods. The ?rst step is optional, depositing a thin layer of 
Ti, preferably 25 nm thick. The second step is to consecu 
tively deposit the iridium and platinum layers. All these 
deposition are performed at a preferred temperature range of 
200-300° C. 

[0065] The thin IrO2 layer can be formed in situ With the 
MOCVD process before the deposition of the PGO ?lm. The 
chamber is ?rst stabiliZed by pre-?oWing oxygen into the 
MOCVD groWth chamber at a Wafer temperature of 400 
550° C., With a 2000-4000 sccm ?oW rate, for feW minutes 
just before the precursor is introduced to deposit lead 
germanate thin ?lm. C-axis oriented lead germanate 
(Pb5Ge3O11) thin ?lm With a thickness of about 100 to 500 
nm is obtained at a Wafer temperature of 400-550° C. A top 
platinum electrode, iridium electrode, or Iro2 electrode is 
deposited to form a ferroelectric capacitor. 

[0066] The thickness of the IrO2 can be kept to a thickness 
of about 10 to 30 nm. This thickness is sufficient to improve 
the fatigue characteristics, While thin enough to promote a 
very small leakage current and conductive the bottom elec 
trode. 

[0067] FIGS. 6-8 illustrate steps in the completion of the 
ferroelectric device of the present invention. FIG. 6 shoWs 
ferroelectric device 10 including a substrate 12. Substrate 12 
is selected from the group of materials consisting of silicon, 
polysilicon, silicon dioxide, and silicon-germanium com 
pounds. A ?rst electrode layer 14, including a noble metal, 
overlies substrate 12. Typically, ?rst electrode layer 14 is Ir, 
With a thickness 16 in the range of approximately 50 to 200. 
A thickness range of about 100 to 200 nm is preferred, With 
150 nm being optimal in some circumstances. 

[0068] A second electrode layer 18, including a noble 
metal, overlies ?rst electrode layer 14. First 14 and second 
18 electrode layers improve adhesion, barrier properties, and 
the uniformity of subsequently deposited ?lms. Typically, 
second electrode layer 18 is Pt, With a thickness 20 in the 
range of approximately 10 to 200 nm. A thickness of about 
10 to 150 nm is preferred, With 50 nm being optimal in some 
aspects of the invention. First and second electrodes 14/18 
have a combined thickness 22 in the range of approximately 
100 to 400 nm, With 200 nm being optimal in some aspects 
of the invention. 

[0069] A ?rst barrier layer 24 overlies second electrode 
layer 18. First barrier layer 24 improves the interface to 
subsequently deposited layers, and limits the diffusion of 
oxygen into ?rst and seconds electrode layers 14/18. Typi 
cally, ?rst barrier layer is IrO2, and has a thickness 26 in the 
range of approximately 5 to 50 nm, With the range of 10 to 
30 nm being preferred, and a thickness of about 15 nm being 
optimal. 
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[0070] A second barrier layer 30 is interposed betWeen 
substrate 12 and ?rst electrode layer 14 to minimiZe inter 
diffusion betWeen substrate 12 and electrode layers 14 and 
18. Second barrier layer 30 also improves adhesion betWeen 
substrate 12 and electrode layers 14 and 18. Second barrier 
layer 30 has a thickness 32 in the range of approximately 10 
to 100 nm. Preferably, thickness 32 is in the range of about 
20 to 50 nm, and in some aspects of the invention about 25 
nm is optimal. Second barrier layer 30 material is selected 
from the group consisting of Ti, Ta, TiN, TaN, and ternary 
nitrides including nitrogen and a refractory metal. Typically, 
the ternary nitride includes a third element selected from the 
group consisting of Si and Al. For example, TiSiN, TaSiN, 
and TIAiN. 

[0071] FIG. 7 illustrates a ferroelectric device of FIG. 6 
With a ferroelectric ?lm. A lead germanate (PGO) ?lm 40 
overlies ?rst barrier layer 24. Ferroelectric device 10 is 
formed having loW leakage current and a resistance to 
fatigue. Typically, PGO ?lm 40 is in the range of approxi 
mately 10 to 100% Pb5Ge3OM phase, Whereby the formation 
of smaller PGO crystal grains is encouraged. In some 
aspects of the invention, PGO ?lm 40 includes a second, 
Pb3GeO5 phase of PGO material, Whereby the formation of 
larger PGO crystal grains is encouraged. In some aspects of 
the invention, PGO ?lm 40 is epitaxially groWn, c-axis 
Pb5Ge3O11 phase PGO material. PGO ?lm 40 has a thickness 
42 in the range of approximately 50 to 500 nm, With 50 to 
300 nm being preferred, and 100 to 200 nm being optimal. 

[0072] FIG. 8 illustrates ferroelectric device 10 of FIG. 7, 
Wherein a capacitor is formed. Ferroelectric device 10 
further comprises a conductive ?lm top electrode 50 over 
lying PGO ?lm 40. In some aspects of the invention, top 
electrode 50 further comprises a third electrode layer 52 
overlying PGO ?lm 40, and a fourth electrode layer 54 
overlying third electrode layer 52, Whereby a second layered 
electrode is formed, in addition to the layered electrode 
formed by electrode layer 14 and 18. 

[0073] When a layered top electrode is formed, ferroelec 
tric device 10 typically further comprises a third barrier 
layer 56 interposed betWeen PGO ?lm 40 and third electrode 
layer 52. Third barrier layer 56 improves the interface 
betWeen PGO ?lm 40 and third and fourth electrode layers 
52/54. Fourth electrode layer 54 is Ir, While third electrode 
layer 52 is Pt. Preferably, third barrier layer 56 is IrO2. 

[0074] FIG. 9 is a ?oWchart illustrating steps in a method 
of forming a ferroelectric device. Step 100 provides a 
substrate. Step 101 forms a second barrier layer overlying 
the substrate. The second barrier minimiZes interdiffusion 
betWeen the substrate and the electrode layers, While 
improving adhesion betWeen the substrate and the electrode 
layers. The second barrier layer material is selected from the 
group consisting of consisting of Ti, Ta, TiN, TaN, and 
ternary nitrides including nitrogen and a refractory metal. 
Typically, the third element of the ternary group is selected 
from the group consisting of Si and Al. The second barrier 
thickness is in the range of approximately 10 to 100 nm. 

[0075] Step 102 forms a ?rst electrode layer overlying the 
second barrier layer. Step 102 includes depositing Ir to a 
thickness in the range of approximately 50 to 200 nm. Step 
104 forms a second electrode layer overlying the ?rst 
electrode layer. Step 104 includes depositing Pt to a thick 
ness in the range of approximately 10 to 200 nm. Steps 102 
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and 104 include depositing Ir and Pt to a combined thickness 
in the range of approximately 100 to 400 nm. Steps 102 and 
104 include depositing the ?rst and second electrode layers 
through processes selected from the group consisting of 
e-beam evaporation, CVD, PVD, and MOCVD, at a tem 
perature in the range of approximately room temperature to 
500 degrees C. 

[0076] Step 106 forms a ?rst barrier layer overlying the 
second electrode layer. Step 106 includes forming the ?rst 
barrier layer to a thickness in the range of approximately 5 
to 50 nm. Step 108 is a product, a ferroelectric device Where 
the barrier layers improve the interface to subsequently 
deposited layers, and limit the diffusion of oxygen into the 
?rst and second electrode layers. 

[0077] In some aspects of the invention, Step 106 includes 
annealing the ?rst and second electrode layers in an oxygen 
ambient atmosphere to form a ?rst barrier layer oxide 
overlying the second electrode layer. Alternately, Step 106 
includes using processes selected from the group consisting 
of PVD, CVD, and MOCVD to deposit a ?rst barrier layer 
of IrO2. 

[0078] In some aspects of the invention, a further step 
folloWs Step 106. Step 110 forms a PGO layer overlying the 
?rst barrier layer. Step 110 includes depositing PGO ?lm 
through MOCVD processes at a temperature in the range of 
approximately 400 to 550 degrees C, and a thickness in the 
range of approximately 50 to 500 nm. In some aspects of the 
invention, Step 110 includes the PGO ?lm being in the range 
of approximately 10 to 100% Pb5Ge3OM phase, Whereby the 
formation of smaller PGO crystal grains is encouraged. In 
some aspects of the invention, Step 110 includes the PGO 
?lm having a second, Pb3GeO5 phase of PGO material, 
Whereby the formation of larger PGO crystal grains is 
encouraged. The ?rst and second phases are varied depended 
on desired ferroelectric and ferroelastic characteristics. A 
large amount of ?rst phase in the PGO ?lm promotes smaller 
polariZation ?elds, so that the resulting device is useful in 
one transistor memories. Increasing the amount of second 
phase increases the Pr value. In some aspects of the inven 
tion, Step 110 includes epitaxially groWing a c-axis 
Pb5Ge3O11 phase PGO material. Step 110 includes forming 
the PGO ?lm to a thickness in the range of approximately 50 
to 500 nm. 

[0079] Alternate processes exist to form the ?rst barrier 
layer. Step 106 includes forming IrO2 in preparation for an 
MOCVD process in Step 110. The stabiliZation process 
pre-?oWs oxygen at a How rate in the range of approximately 
2000 to 4000 sccm, at a groWth chamber pressure of 
approximately 2 to 20 torr (10 is preferred), a substrate 
temperature in the range of approximately 400 to 550 
degrees C, for a duration of approximately 5 to 15 minutes. 
In this manner, the ?rst barrier layer is formed in situ, just 
before the PGO ?lm is deposited. 

[0080] In some aspects of the invention, Wherein a capaci 
tor is formed, further steps folloW Step 110. Step 112 forms 
a conductive ?lm top electrode overlying the PGO ?lm. Step 
112 optionally includes sub-steps. Step 112a forms a third, 
Pt electrode layer overlying the PGO ?lm; and Step 112b 
forms a fourth, Ir electrode layer overlying the third elec 
trode layer, Whereby a ferroelectric capacitor is formed. 
When a layered top electrode is formed in Step 112, a further 
step folloWs Step 110. Step 110a forms a third barrier layer 
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of IrO2 overlying the PGO ?lm formed in Step 110, Whereby 
the interface betWeen the PGO ?lm and the third and fourth 
electrode layers is improved. 

[0081] Alternately, a further step folloWs Step 112b. Step 
114 (not shoWn) anneals the third and fourth electrode layers 
in an oxygen ambient atmosphere. In this manner, Step 110a 
occurs, in situ, simultaneously With the performance of Step 
114. In another alternative Step 110a occurs after Step 110, 
and before Step 112. Then, Step 110a includes depositing 
IrO2 through deposition procedures selected from the group 
consisting of PVD, CVD, and MOCVD. Step 116 is a 
product, a capacitor having improved fatigue and leakage 
current properties. 

[0082] The present invention ferroelectric structure is sim 
ply and easily manufactured. The Pt/Ir double-layer is 
advantageously used With a lead germanate (Pb5Ge3O11) 
thin ?lm. Good adhesion to the substrate occurs, and the 
barrier properties With respect to oxygen and lead are good. 
Ferroelectric properties are improved Without detriment to 
the leakage current by using this structure, because a thin 
IrO2 layer is formed in situ, during the MOCVD lead ger 
manate (Pb5Ge3O11) thin ?lm process. By using a Pt/Ir 
electrode, a relatively loW MOCVD processing temperature 
is required to achieve c-axis oriented lead germanate 
(Pb5Ge3O11) thin ?lm. The temperature range of MOCVD 
c-axis oriented lead germanate (Pb5Ge3O11) thin ?lm on top 
of Pt/Ir is 400-500° C. Further, a relatively large nucleation 
density is obtained, as compared to using single-layer iri 
dium electrode. Therefore, the lead germanate (Pb5Ge3O11) 
thin ?lm has a smooth surface, a homogeneous microstruc 
ture, and homogeneous ferroelectric properties. 

[0083] Further, hillock can be suppressed When a Pt/Ir 
electrode is used With a PGO ?lm. The sheet resistance is 
relatively loW, compared to single-oxide layer bottom elec 
trodes and oxide/platinum electrodes. Finally, the sheet 
resistance change for this multilayer electrode is relatively 
small during annealing, as compared to the single platinum 
and single iridium electrodes. 

[0084] The above-mentioned ferroelectric structure is use 
ful in the fabrication of nonvolatile memories, such as metal 
ferroelectric metal oxide silicon (MFMOS), metal ferroelec 
tric metal silicon (MFMS), metal ferroelectric metal insu 
lator silicon (MFMIS), transistors, capacitors, pyroelectric 
infrared sensors, optical displays, optical sWitches, pieZo 
electric transducers, and surface acoustic Wave (SAW) 
devices. Other variations and embodiments Will occur to 
those skilled in the art. 

What is claimed is: 
1. A ferroelectric device comprising: 

a substrate; 

a ?rst electrode layer including a noble metal overlying 
said substrate; 

a second electrode layer including a noble metal overlying 
said ?rst electrode layer, Whereby said ?rst and second 
electrode layers improve adhesion, barrier properties, 
and the uniformity of subsequently deposited ?lms; 

a ?rst barrier layer overlying said second electrode layer, 
Whereby said ?rst barrier layer improves the interface 
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to subsequently deposited layers, and limits the diffu 
sion of oxygen into said ?rst and seconds electrode 
layers; and 

a second barrier layer interposed betWeen said substrate 
and said ?rst electrode layer, Whereby said ?rst and 
second barrier layers minimize interdiffusion betWeen 
said substrate and said electrode layers, and adhesion 
betWeen said substrate and said electrode layers is 
improved. 

2. A ferroelectric device as in claim 1 further comprising: 

a lead germanate (PGO) ?lm overlying said ?rst barrier 
layer, Whereby a ferroelectric device is formed having 
loW leakage current and a resistance to fatigue. 

3. Aferroelectric device as in claim 1 in Which said second 
barrier layer has a thickness in the range of approximately 10 
to 100 nm. 

4. Aferroelectric device as in claim 1 in Which said second 
barrier layer material is selected from the group consisting 
of Ti, Ta, TiN, TaN, and ternary nitrides including nitrogen 
and a refractory metal. 

5. Aferroelectric device as in claim 2, Wherein a capacitor 
is formed, further comprising: 

a conductive ?lm top electrode overlying said PGO ?lm. 
6. A ferroelectric device as in claim 5 in Which said top 

electrode further comprises: 

a third electrode layer of Pt overlying said PGO ?lm; and 

a fourth electrode layer of Ir overlying said third electrode 
layer, Whereby a second layered electrode is formed. 

7. A ferroelectric device as in claim 6 further comprising: 

a third barrier layer of IrO2 interposed betWeen said PGO 
?lm and said third electrode layer, Whereby the inter 
face betWeen said PGO ?lm and said third and fourth 
electrode layers is improved. 

8. A ferroelectric device as in claim 1 in Which said ?rst 
electrode layer is Ir. 

9. Aferroelectric device as in claim 1 in Which said second 
electrode layer is Pt. 

10. A ferroelectric device as in claim 7 in Which said ?rst 
barrier material is IrO2. 

11. Aferroelectric device as in claim 2 in Which said PGO 
?lm is in the range of approximately 10 to 100% Pb5Ge3O11 
phase, Whereby the formation of smaller PGO crystal grains 
is encouraged. 

12. A ferroelectric device as in claim 11 in Which said 
PGO ?lm includes a second, Pb3GeO5 phase of PGO mate 
rial, Whereby the formation of larger PGO crystal grains is 
encouraged. 

13. A ferroelectric device as in claim 11 in Which said 
PGO ?lm is epitaxially groWn, c-axis Pb5Ge3O11 phase PGO 
material. 

14. Aferroelectric device as in claim 2 in Which said PGO 
?lm has a thickness in the range of approximately 50 to 500 
nm. 

15. A ferroelectric device as in claim 1 in Which said 
substrate is selected from the group of materials consisting 
of silicon, polysilicon, silicon dioxide, and silicon-germa 
nium compounds. 

16. A ferroelectric device as in claim 1 in Which said ?rst 
electrode layer has a thickness in the range of approximately 
50 to 200 nm, and in Which said second electrode layer has 
a thickness in the range of approximately 10 to 200 nm. 
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17. A ferroelectric device as in claim 16 in Which said ?rst 
and second electrodes have a combined thickness in the 
range of approximately 100 to 400 nm. 

18. A ferroelectric device as in claim 1 in Which said ?rst 
barrier layer has a thickness in the range of approximately 5 
to 50 nm. 

19. A method of forming a ferroelectric device on a 
substrate comprising the steps of: 

a) forming a second barrier layer overlying the substrate; 

b) forming a ?rst electrode layer overlying the second 
barrier layer; 

c) forming a second electrode layer overlying the ?rst 
electrode layer; and 

d) forming a ?rst barrier layer overlying the second 
electrode layer, Whereby the barrier layers improve the 
interface to subsequently deposited layers, and limit the 
diffusion of oxygen into the ?rst and second electrode 
layers. 

20. A method as in claim 19 in Which Step a) includes the 
second barrier layer material being selected from the group 
consisting of consisting of Ti, Ta, TiN, TaN, and ternary 
nitrides including nitrogen and a refractory metal, and in 
Which the second barrier thickness is in the range of approxi 
mately 10 to 100 nm. 

21. A method as in claim 19 in Which Step d) includes 
annealing the ?rst and second electrode layers in an oxygen 
ambient atmosphere to form a ?rst barrier layer oxide 
overlying the second electrode layer. 

22. A method as in claim 19 in Which Step d) includes 
using processes selected from the group consisting of PVD, 
CVD, and MOCVD to deposit a ?rst barrier layer of IrO2. 

23. A method as in claim 19 in Which Step b) includes 
depositing Ir to a thickness in the range of approximately 50 
to 200 nm. 

24. A method as in claim 19 in Which Step c) includes 
depositing Pt to a thickness in the range of approximately 10 
to 200 nm. 

25. A method as in claim 19 in Which Steps b) and c) 
include depositing Ir and Pt to a combined thickness in the 
range of approximately 100 to 400 nm. 

26. A method as in claim 19 in Which Steps b) and c) 
include depositing the ?rst and second electrode layers 
through processes selected from the group consisting of 
e-beam evaporation, CVD, PVD, and MOCVD, at a tem 
perature in the range of approximately room temperature to 
500 degrees C. 

27. A method as in claim 19 in Which Step d) includes 
forming the ?rst barrier layer to a thickness in the range of 
approximately 5 to 50 nm. 

28. A method as in claim 19 comprising a further step, 
folloWing Step d), of: 

e) forming a PGO layer overlying the ?rst barrier layer. 
29. A method as in claim 28 in Which Step e) includes 

depositing PGO ?lm through MOCVD processes at a tem 
perature in the range of approximately 400 to 550 degrees C, 
and a thickness in the range of approximately 50 to 500 nm. 

30. A method as in claim 28 in Which Step e) includes the 
PGO ?lm being in the range of approximately 10 to 100% 
Pb5Ge3O11 phase, Whereby the formation of smaller PGO 
crystal grains is encouraged. 
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31. Amethod as in claim 28 in Which Step e) includes the 
PGO ?lm having a second, Pb3GeO5 phase of PGO material, 
Whereby the formation of larger PGO crystal grains is 
encouraged. 

32. A method as in claim 28 in Which Step e) includes 
epitaxially growing a c-axis Pb5Ge3O11 phase PGO mate 
rial. 

33. A method as in claim 28 in Which Step e) includes 
forming the PGO ?lm to a thickness in the range of 
approximately 50 to 500 nm. 

34. A method as in claim 28 in Which Step d) includes 
forming IrO2 in preparation for an MOCVD process in Step 
e), by pre-?oWing oxygen at a How rate in the range of 
approximately 2000 to 4000 sccm, at a pressure of approxi 
mately 2 to 20 torr, a substrate temperature in the range of 
approximately 400 to 550 degrees C, for a duration of 
approximately 5 to 15 minutes, Whereby the ?rst barrier 
layer is formed in situ. 

35. A method as in claim 28 Wherein a capacitor is formed 
including a further step, folloWing Step e), of: 

f) forming conductive ?lm top electrode overlying the 
PGO ?lm. 
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36. Amethod as in claim 35 in Which Step f) includes the 
sub-steps of: 

1) forming a third, Pt electrode layer overlying the PGO 
?lm; and 

2) forming a fourth, Ir electrode layer overlying the third 
electrode layer, Whereby a ferroelectric capacitor is 
formed. 

37. A method as in claim 36 including a further step, 
folloWing Step e), of: 

e1) forming a third barrier layer of IrO2 overlying the 
PGO ?lm formed in Step e), Whereby the interface 
betWeen the PGO ?lm and the third and fourth elec 
trode layers is improved. 

38. A method as in claim 37 including a further step, 
folloWing Step f), of: 

g) annealing the third and fourth electrode layers in an 
oxygen ambient atmosphere; and 

in Which Step e1) occurs, in situ, simultaneously With the 
performance of Step g). 

39. A method as in claim 37 in Which Step e1) occurs after 
Step e), and before Step f), and in Which Step e1) includes 
depositing IrO2 through deposition procedures selected 
from the group consisting of PVD, CVD, and MOCVD. 

* * * * * 


